Structural Optimization (MSO)'-* continues to be an area of research interest in engineering
optimization.
In the present project, the weight optimization of beams and trusses using Displacement based Multilevel Structural Optimization (DMSO), a member of the MSO set of methodologies, is investigated. In the DMSO approach, the optimization task is subdivided into a single system and multiple subsystems level optimizations.
The system level optimization minimizes the load unbalance resulting from the use of displacement functions to approximate the structural displacements.
The function coefficients are then the design variables.
Alternately, the system level optimization can be solved using the displacements themselves as design variables, as was shown in previous research. Both approaches ensure that the calculated loads match the applied loads. In the subsystems level, the weight of the structure is minimized using the element dimensions as design variables. The approach is expected to be very efficient for large structures, since parallel computing can be utilized in the different levels of the problem.
In this paper, the method is applied to a one-dimensional beam and a large three-dimensional truss. The beam was tested to study possible simplifications to the system level optimization. In previous research, polynomials were used to approximate the global nodal displacements.
The number of coefficients of the polynomials equally matched the number of degrees of freedom of the problem.
Here it was desired to see if it is possible to only match a subset of the degrees of freedom in the system level. This would lead to a simplification of the system level, with a resulting increase in overall efficiency. However, the methods tested for this type of system level simplification did not yield positive results.
The large truss was utilized to test further improvements in the efficiency of DMSO. In previous work, parallel processing was applied to the subsystems level, where the derivative verification feature of the optimizer NPSOL had been utilized in the optimizations. This resulted in large runtimes. In this paper, the optimizations were repeated without using the derivative verification, and the results are compared to those from the previous work. can provide mathematically based design tools to obtain a minLmum weight structure that satisfies the multifaceted constraints of multiple disciplines.
One approach to improve the MDO of The function coefficients are then the design variables of the system level. The system level can also be solved using the displacements themselves as design
variables.
Both approaches ensure that the loads calculated from a finite element analysis match the applied loads. In the subsystems level, the weight of the structure is minimized using the element dimensions as design variables.
One-Dimensionai_ Two-Element Beam
In this paper, the method is applied to a onedimensional beam and to a large three-dimensional truss. In previous research, z4 the same one-dimensional, two-element beam was optimized ( Figure 2 ). The beam was fixed at both ends, and had a moment of 10,000 in-lbs, applied 10" from the left end. The original programs were formulated specifically for the two-element beam and, therefore, could not be used for a higher number of elements. The programs were also written using the displacements as the design variables in the system level optimization. In this research, it was desired to reformulate the optimization program for a general number of elements, using a polynomial to approximate the displacements.
The coefficients of the polynomial would be the design variables for the system level.
Once the general formulation was written, it was evaluated versus the data from the original programs.
When the program was first tested, the first subsystems optimization appeared to give good results.
However, the first system level optimization would indicate convergence when the force unbalance was on the order of 10 6. There appeared to be X in.
M=I0,000 in-lbs. Table 1 gives the optimized element widths obtained from the original formulation, along with the total weight of the beam. Table 2 gives the results obtained from the general formulation. 
One-Dimensional_ Multi-Element Beam
Previous results indicated the need for efficiency improvements to the system level optimization. 4 In the two-element formulation, a polynomial with the number of coefficients equal to the number of degrees of freedom of the structure was used to approximate the displacements. This required a fifthorder polynomial (six coefficients) to match the six degrees of freedom of the two-element beam. It has been proposed that the number of coefficients could be decreased by not matching the load unbalance at all degrees of freedom. This would decrease the number of design variables and, therefore, the complexity of the system level.
On a multi-element beam, the fixed end node displacements can be artificially set to zero, eliminating the need for having the polynomial function describe the displacements at these end nodes. Therefore, the same fitth order polynomial could be used to describe the displacements for problems with beams of up to four elements. Here, however, a five-element beam problem was studied, which could have its twelve degrees of freedom reduced to eight, six of which could be matched by the fifth order polynomial.
The program was modified so that it could be specified in the input file, which of the eight degrees of freedom would be matched in the force unbalance. The beana was divided into elements with the following node locations: 0, 5, 10, 15, 20, and 30". The load was applied to the node at 10". Since the load was applied to this node, it is necessary to match the force unbalance at this node. This left the nodes at 5, 15, and 20" from which to choose the unmatched node. When using any of the three nodes, the resulting displacements for the first system level optimization proved to be too inaccurate to allow the formulation to converge to a final, correct solution. Various formulations and approaches for the problem all resulted in the same stalemate, leading to the conclusion that the approach in its present form is not feasible for the polynomial function or displace-ment method. Extensive dala for this case are given in Reference 6.
240-Element Truss Optimization
The large truss ( Figure 3 ) was utilized to test further efficiency improvements to the DMSO methodology. Previously, 4 parallel processing bad been applied to the subsystems level and gave promising results. A network of SUN workstations utilized MPICI-L an implementation of the Message Passing Interface (MPI) _, for this purpose. The optimizer NPSOL s was used for the optimizations. However, the results indicated a considerable need for efficiency improvement.
By default, NPSOL checks the user provided gradients by finite difference approximations. In the current research, the approach was tested without the gradient verification to see ff the efficien_ could be improved. For the optimization, a program was coded in Fortran 77 to employ the LAM implementation of the MPI software on the Beowulf cluster of Pentium-.based processors at ICASE, NASA Langley Research Center.
The optimized truss weight for all cases is given in Table 3 . The average optimization level runtimes with derivative verification are given in Tables 4 and 5 . The overall runtimes are given in Table 6 . The results are repeated without derivative verification in Tables 7-9. Without verifying the gradients, the average nmtime of the system level decreased by as much as 60%, while that of the subsystems level decreased by an average of 95%. The percent decreases in overall runtimes are given in Table 10 . ,t Figure 3 . 240 Bar Three-Dimensional Truss Model
Conclusions
The results of the present study indicate that the approximation of the displacement functions by polynomials of lower order needs to be reexamined.
It should be possible to solve this problem by using cubic splines, a Fourier series approach., or maybe averaging techniques.
The results of the truss optimizafions indicate that parallel processing can be effectively applied to the DMSO methodology as a means of increasing optimization efficiency. However, the Jack of availability of parallel networks presently limits the number of users who could obtain this benefit. Therefore, it is desirable to utilize computers connected through the intemet in addition to those on parallel networks.
Future Work
This idea will be tested using MPICH on SUN workstations at the University of Oklahoma together with similar computers at other institutions. It is of interest to see how the connection speed between computers will affect the overall optimization efficiency. Therefore, the approach will be tested on connections on both the standard Internet and Interact2.
It is also of interest to examine the feasibility of having a user at a secondary site interact with the program in some form. For testing purposes, this will consist of having a remote user enter a change in a problem parameter or variable during the course of the optimization. 
